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Abstract Tentorial dural arteriovenous fistulae (DAVF) are
relatively uncommon and are the most dangerous type of
DAVF. Because of a high incidence of hemorrhage and
subsequent neurological deficits, treatment is mandatory. A
consecutive series of nine surgically treated patients with
symptomatic tentorial DAVF were analyzed in this study.
All lesions were located around the tentorial incisura and
were treated microsurgically using a subtemporal approach
in eight cases and a supracerebellar approach in one case.
The dural bases of the lesions were located adjacent to the
tentorial edge in six patients and the tentorial apex in three
patients. Complete obliteration was achieved in all treated
tentorial DAVF. In one patient, the torcular fistula remained
untreated without cortical venous reflux. Postoperative
asymptomatic temporal lobe hemorrhage was diagnosed in
one patient with a tentorial apex DAVF; however, no new
neurological symptoms were present after surgical treatment.
The subtemporal approach for unilateral tentorial DAVF is a
favorable and direct approach for the highly skilled surgeon.
Perimesencephalic venous dilatation or varix is an important
finding onMRI to help localize tentorial DAVF in the tentorial
edge or apex.
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Introduction
Tentorial dural arteriovenous fistulae (DAVF) are relatively
uncommon, accounting for 4 % to 8 % of intracranial DAVF,
and represent the most dangerous type of arteriovenous fistu-
lae [1–6]. The aggressive nature of tentorial DAVF can be
largely attributed to retrograde leptomeningeal venous drain-
age [3]. Consequently, once diagnosed, tentorial DAVF are
treated aggressively to arrest neurological deterioration and to
prevent the risk of intracranial hemorrhage [4, 6–8].
Endovascular treatment has become the predominant ther-
apy for intracranial DAVF [9]. However, the cure rate for
tentorial DAVF by embolization alone is variable due to
complicated feeding arteries and draining veins. Partial em-
bolization, which leaves a fistula of Borden type II or III,
cannot decrease the risk of hemorrhage or progression of the
effects of venous hypertention [10, 11]. Therefore, residual
tentorial DAVF Borden type II or higher require microsurgical
intervention [3, 4, 6–8].
Controversy exists regarding the surgical strategy for
tentorial DVAF due to a variety of presentations [4–8, 12,
13]. The optimal surgical strategy for tentorial DAVF
depends on the anatomic location of the fistula and the
specific characteristics of the arterial supply and venous
drainage. Although the subtemporal approach was used in
some reported DAVF around the tentorial incisura, to date,
the details of the technique have not been described [4, 8].
Materials and methods
A consecutive series of nine patients with symptomatic tento-
rial DAVFwere treated between 1998 and 2006. Retrospective
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analysis ofmedical records and neuroimaging were performed.
The mean patient age was 52.7 years (range 33–70 years).
There was a strong male predominance, with eight male sub-
jects and one female subject (Table 1).
Patients were selected for treatment on the basis of hemor-
rhage on clinical presentation or anatomic features associated
with a high risk of hemorrhage. All patients underwent com-
puted tomographic (CT) scanning, magnetic resonance imag-
ing (MRI) of the brain, and cerebral angiography prior to
treatment. Lesions were graded according to the classification
system developed by Borden et al [3].
Presentation
Three patients (33 %) presented with intracranial hemorrhage.
The hemorrhage was located in the subarachnoid space in one
patient, in the brain parenchyma in the second patient, and in
both locations in the third patient. All nine patients experi-
enced a variety of symptoms, including headaches, tinnitus,
vertigo, facial sensory disturbances, hearing disturbances,
diplopia, hemiparesis, and gait disturbances (Table 1).
Angiographic characteristics
All treated DAVF in this study were Borden type III. The
lesions drained exclusively into subarachnoid veins. The
dural bases of the lesions were at the lateral tentorial edge
in six patients and at the tentorial apex in three patients. One
patient with tentorial apex DAVF also had an additional
Bordon type I torcular DAVF. Feeding arteries originated
from tentorial arteries in eight patients, middle meningeal
arteries in five, and superior cerebellar arteries or/and pos-
terior cerebral arteries in five. Draining veins were basal
veins or their tributaries in eight patients and the vein of
Galen in one. The associated torcular DAVF drained directly
into the torcular sinus without cortical venous drainage. All
cases presented with apparent venous dilatation or varix in
the perimesencepharic cistern on MRI and angiography.
Treatment protocol
A team of neurosurgeons and endovascular specialists eval-
uated all patients to assess optimal therapeutic options.
Transarterial embolization was attempted in all patients
and multiple (a minimum of three) endovascular interven-
tions were performed in seven patients prior to surgery.
Although initial occlusion of the DAVF was achieved, the
effect did not last. Eventually, endovascular occlusion failed
in all of our presented cases. All patients received final
microsurgical treatment by the senior author. A subtemporal
approach was used in eight patients, and an infratentorial-
supracerebellar approach was used in one patient after pre-
operative evaluation of the neuroradiological images
(bilateral fistula). The torcular DAVF was not treated due
to its benign angiographic characteristics.
Subtemporal approach
After induction of general endotracheal anesthesia, a lumbar
drain was placed, and 30–40 ml of cerebrospinal fluid (CSF)
was released before dural opening, to aide with brain relaxa-
tion. The patient was placed into semilateral position. To
facilitate the approach, the patient's head was tilted below
the horizontal position by 10° and rotated towards the oppo-
site side with the sagittal midline parallel to the floor. Then,
the headwas fixed with a three-pinMayfield clamp. A straight
or sickle-shaped skin incision was made, starting at the root of
the zygoma and extending superiorly to the supratemporal
line. An anterior or middle subtemporal craniotomy was per-
formed, and it was ensured that the inferior margin of the
craniotomy was at the level of the floor of the middle fossa.
The dura was opened with a linear incision parallel to the floor
of the middle fossa. At the initial stage of the intradural
subtemporal approach, the bridging veins of temporal base
were carefully dissected and sufficiently loosened to retract
the temporal lobe away from the temporal base. The perime-
cencephalic cistern was opened widely to observe the draining
veins. The tentoriumwas coagulated well and divided towards
the edge of the incisura. Intraoperative micro-Doppler sonog-
raphy was very useful during this step of the surgery to
identify the arterialized draining veins and check their flow
direction, thereby localizing the fistula points. The tentorial
incision was extended laterally to allow treatment as closely as
possible on the arterial side of the fistula point. If necessary, an
anterior petrosectomywas added. The responsible dilated vein
was coagulated and cut or obliterated with aneurysm clips
near the exit point in the tentorium.
Supracerebellar approach
This approach was performed with the patient in the sitting
position. A midline skin incision was made, and a craniot-
omy was performed until both transverse sinuses as well as
the torcula became visible. AY-shaped incision was made in
the dura. The venous complex in the vicinity of the tentorial
apex was approached without using a retractor. After iden-
tification of arterialized veins with a micro-Doppler, the
draining vein was cauterized and cut near the fistula point.
Results
Outcome
There was no operative mortality and no new permanent
neurological deterioration. Within 24 h, asymptomatic
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temporal lobe hemorrhage was detected in one patient with
tentorial apex DAVF on routine postoperative CT. All
patients underwent postoperative angiography (complete
obliteration rate 100 %). There was no operative mortality
and no new permanent neurological deterioration at the last
follow-up, with two patients lost to a late follow-up (after
6 months) (Table 1).
Illustrative cases
Patient 1
A 68-year-old man presented with severe headaches, nausea,
and vertigo. CT imaging demonstrated subarachnoid hemor-
rhage and right intracerebellar hemorrhage. Multiple dilated
abnormal vessels were also detected in the right perimesence-
pharic and peripontine cisterns (Fig. 1a–b). Angiography
revealed a tentorial edgeDAVF supplied by the tentorial artery
and middle meningeal artery. The fistula drained into the basal
vein of Rosenthal or its tributaries, which had varices, emp-
tying into the vein of Galen (Fig. 1c).
A right preauricular straight skin incision was made (Video
1, Supplement Digital Video 1, which demonstrates the clip-
ping of the DAVF draining vein), and a middle subtemporal
craniotomy was performed. The dura was opened with a
transverse linear incision. The tentorium was coagulated well
and divided posterior to the fistula. A red enlarged vein was
found in the ambient cistern. Following the vein, the tentorial
incision was extended to the fistula point. After dissection of
the draining vein and coagulation of the tentorium around the
fistula point, a clip was applied to the vein.
Postoperatively, the patient's symptoms resolved. Complete
occlusion of the DAVF was confirmed by angiography before
discharge (Fig. 1d).
Patient 6
A 52-year-old female presented with chronic intractable head-
aches. MRI showed the presence of multiple dilated abnormal
vessels, which were mainly located in the left perimesence-
phalic cistern (Fig. 1e). Angiography revealed a tentorial edge
DAVF supplied by the tentorial artery and middle meningeal
artery. The fistula drained into the basal vein of Rosenthal or its
tributaries. Retrograde flow of the dilated internal cerebral vein
and internal occipital vein was also demonstrated (Fig. 1f–g).
Skin incision, craniotomy, and dural incision were per-
formed on the left side as presented above (Video 2,
Supplement Digital Video 2, which demonstrates the clipping
of the DAVF draining vein). The ambient cistern was widely
opened. The tentorium was cut posterior to the fistula.
Intraoperative micro-Doppler sonography indicated the flow
direction of some dilated red veins. After dissection of theTa
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abnormal veins and extension of the tentorial incision poste-
riorly, an arterialized large vein continuing to the tentorium
was identified. The wall of the arterialized vein was coagulat-
ed to shrink and strengthen. This procedure facilitated dissec-
tion and identification of the surrounding structures. An
aneurysm clip was placed on the proximal portion of the vein.
Pulsation of the tentorium around the fistula point did not
disappear after clip placement; therefore, the surrounding
tentorium was coagulated further and another clip was added.
Postoperatively, the patient's headache resolved. Complete
occlusion of DAVF was confirmed by angiography before
discharge (Fig. 1h).
Patient 7
A 48-year-old male presented with tinnitus and memory dis-
turbances. MRI showed multiple dilated abnormal vessels in
the right perimesencephalic cistern (Fig. 1i–j). Angiography
revealed a tentorial apex DAVF supplied by the tentorial
artery, posterior cerebral artery, and superior cerebellar artery.
The fistula drained into the vein of Galen (Fig. 1k–l). A DAVF
adjacent to the torcular, fed by the occipital artery, was also
found (Borden type I). Surgery was performed via a right
subtemporal approach because of the location of all draining
veins on the right side of the perimesencephalic cistern.
Skin incision, craniotomy, and dural incision were per-
formed as presented above (Video 3, Supplement Digital
Video 3, which demonstrates the clipping of the DAVF drain-
ing vein). Multiple red shining veins were observed in the
ambient cistern and blocked the approach to the tentorial apex,
even after division of the tentorium. A tentorial edge DAVF
was disclosed intraoperatively. The drainage vein of this
DAVF was coagulated and cut at the initial stage of the
operation. After dissection of the abnormal veins and exten-
sion of the tentorial incision posteriorly, an arterialized large
vein continuing to the tentorial apex was identified. The
Fig. 1 Pre- and postoperative images of patient 1 (a–d), 6 (e–h) and 7
(i–l). Patient 1: Preoperative CT scan demonstrated subarachnoid hem-
orrhage, right intracerebellar hemorrhage, and multiple dilated abnor-
mal vessels in the right perimesencepharic and peripontine cisterns (a–
b), and digital substracting angiography (DSA) of the internal carotid
artery (ICA) showed the DAVF in a sagittal view (c). Postoperative
DSA of the ICA confirmed successful occlusion of the DAVF (d).
Patient 6: Preoperative MRI showed the presence of multiple dilated,
abnormal vessels mainly in left perimesencephalic cistern (e) and DSA
of the external carotid artery (ECA) (f) and ICA (g) (both sagittal view)
showed the DAVF. Postoperative DSA of the ICA (h) confirmed
successful occlusion of the DAVF. Patient 7: Preoperative MRI showed
the presence of multiple dilated abnormal vessels in the right perime-
sencephalic cistern in axial (i) and sagittal planes (j). DSA of the ICA
(k) and left vertebral artery (VA) (l) (both in sagittal view) showed the
DAVF
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arterialized vein was coagulated as in case 6. The tentorium
around the fistula point was well coagulated. A clip was
placed on the vein near to the fistula point. Postoperatively,
the patient's tinnitus disappeared. Complete occlusion of
DAVF was confirmed by angiography.
Discussion
Tentorial DAVF are relatively rare and complex lesions locat-
ed deep within the brain, with unusual vascular anatomy and
surrounded by critical neuroanatomy. If tentorial DAVF can-
not be completely occluded by embolization or at least con-
verted to a fistula type higher than Borden type II, then surgery
is recommended [11]. Lawton et al. [4] categorized tentorial
DAVF into six subtypes (galenic, straight sinus, torcular,
tentorial sinus, superior petrosal sinus, incisura) based on
anatomic location, dural base, associated sinus, and direction
of venous drainage. In their classification, incisural DAVFs
are located along the free edge of the tentorium and are not
clearly associated with the venous sinus, draining into venous
tributaries of the basal vein of Rosenthal and lateral mesence-
phalic veins. Galenic DAVF is located in the midline at the
posterior margin of the tentorial incisura, associated with the
vein of Galen as it enters the anterior falcotentorial junction.
The fistula usually drains into the basal vein of Rosenthal and
precentral cerebellar vein. According to this classification, our
cases 2, 7, and 9 are Galenic DAVF, and the other six cases are
incisura DAVF. On MRI or CT imaging, all of our nine
tentorial DAVF included some venous dilatation or varices
in the perimesencephalic cistern as described in the tentorial
edge DAVF series of Zhou et al. [8]. In contrast, other types of
tentorial DAVF are rarely associated with the perimesence-
phalic venous drainage [4]. The perimesencephalic venous
dilatation or varix observed onMRI is important in predicting
tentorial DAVF located around the tentorial incisura. Lawton
et al. [4] reported that tentorial edge DAVF had the lowest
incidence and that it has not been well characterized in the
literature. However, this type of tentorial DAVF was the most
frequent in our series (6 patients; 67 %) and in the consecutive
series of Zhou et al. [8] (3 out of 5). The incidence of this type
of tentorial DAVF may be relatively common, if the fistula
point of tentorial DAVF were more easily recognized.
Operative technique of tentorial edge DAVF
Most of the tentorial edge DAVF drain into the dilated peri-
mesencephalic vein and empty into the vein of Galen and the
straight sinus. However, when the vein of Galen and/or
straight sinus are occluded, the venous outflow can be more
complex and include supratentorial and infratentorial outflows
as in case 6. Many approaches including the subtemporal,
pterional-transsylvian, orbitozygomatic-pterional, extradural
transanteriopetrous, and extended retrosigmoid approach have
been reported in this type of DAVF [4, 6–8, 13]. In our series,
all unilateral tentorial edge DAVF were accessible through a
subtemporal approach with transtentorial access to the fistula
site. Only one patient needed an anterior petrosectomy to
expose the fistula point sufficiently. Complete radiological
obliteration of DAVF was accomplished without any compli-
cations or morbidity. The subtemporal approach has the ad-
vantage of a very short skin incision with a minimal
craniotomy compared to other possible approaches. This will
lead to excellent cosmetic results; however, it will not reflect
the surgical results. We were able to reach the tentorial edge
lesions at the shortest distance and visualized the widest
horizontal field. The exposure can be widened by cutting the
tentorium or with an anterior petrosectomy. The coagulation
and division of the tentorium adjacent to the fistula point was
effective not only to visualize the point but also to reduce the
shunt flow and the tension of the dilated veins. This procedure
facilitated interruption of the fistula. The primary goal of
surgery is to occlude the venous outlet rather than excise the
dural nidus or handle the ecstatic abnormal veins. However,
sufficient coagulation of the tentorium may be necessary to
confirm the success in the treating a high-flow DAVF as
presented in case 6.
The pterional-transsylvian approach with or without orbi-
tozygomatic addition is an alternative routine approach used
for this type of tentorial DAVF. Karkarla et al. [7] recommend
the orbitozygomatic approach when the fistula is located in the
anterior third of the tentorium. Although almost all perime-
sencephalic cisterns can be exposed through a subtemporal
approach, the exposure of the ambient and quadrigeminal
cistern is highly elaborate through a transsylvian approach
[14]. The transsylvian approach is only recommended for
lesions in the anterior incisura space.
Operative technique of tentorial apex DAVF
Tentorial apex DAVF is the most complex tentorial DAVF.
This type of DAVF has the deepest and highest location and is
supplied by arteries originating from all directions (bilateral),
and venous outflow can be difficult to decipher. Liu et al. [15]
pointed out the importance of occluding venous outflow to
obliterate intracranial DAVFs. Many authors have recently
recommended the simple interruption of the draining vein as
close to the fistula as possible, for most intracranial and spinal
DAVF [4–8]. Some authors recommend skeletonization of the
straight sinus with interruption of the draining vein for the
tentorial apex DAVF only [4, 13]. We used the subtemporal
approach in two patients with tentorial apex DAVF. Although
we accomplished complete obliteration without any perma-
nent morbidity in both cases, one patient experienced a
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temporal hemorrhage, due to extensive retraction of the tem-
poral lobe for tentorial apex exposure. Furthermore, the fistula
point of tentorial apex DAVF are found predominantly behind
many complex, dilated veins, and therefore increased expo-
sure is necessary. Venous infarction and edema following
retraction of temporal lobe and venous injury are also potential
risks of this approach. The risk can be reduced by including a
lumber drainage, placing the lower margin of the craniotomy
and carefully preserving the bridging veins as well as the vein
of Labe. However, the subtemporal approach can only be
recommended for highly skilled surgeons in this type of
DAVF. We used the supracerebellar infratentorial approach
in our third case with tentorial apex DAVF because of bilateral
feeding arteries and draining veins, and we were able to
interrupt the draining veins without any complications.
Although, some complex cases may require skeletonization
of the sinus, other cases can be treated less invasively with the
subtemporal or supracerebellar infratentorial approaches. The
overall experience in tentorial apex DAVF is relatively limit-
ed; therefore, multiple approaches are possible, and a gold
standard has not been established yet. With the essential
preoperative evaluation of the fistula point and venous anato-
my, the decision for the optimal approach and minimal inva-
sive surgery can be determined while maintaining high cure
rates with low or no morbidity.
Conclusions
Using the appropriate preoperative evaluation, tentorial
DAVF adjacent to the tentorial incisura can be successfully
treated with optimal and minimally invasive microsurgery.
The subtemporal approach for unilateral tentorial DAVF is a
favorable and direct approach for the highly skilled surgeon.
Disclosure No funding or industrial financial support was received
for this study.
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Comments
Alessandro Ducati, Torino, Italy
The topic of this paper (surgical treatment of incisural DAVF) is a
very complex one, for several reasons:
(a) The incidence of these fistulas is so infrequent, that large series
are not available in the literature, and consequently a well tested
treatment strategy has not been set jet.
(b) Neuroradiological treatment techniques are evolving, and the
recent introduction of Onyx into the neuroradiological armamentarium
has changed the approach in these years. Nowadays, many DAVF, also
in the peri-incisural region, are treated by means of transarterial Onyx.
This seems to have increased the rate of cure as compared to trans-
venous embolization. The Authors do not specify if the failed endo-
vascular attempts to obliterate the DAVF had been carried out via a
transarterial or transvenous approach. In any case, the patients reported
underwent three unsuccessful endovascular procedures before being
considered for surgery; this means that a subset of patients not ame-
nable of endovascular treatment still exists, and needs surgery.
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(c) The surgical approaches for patients presenting with peri-
incisural DAVF may be extremely different, and the Authors discuss
this point in their paper. Their arguments in favor of a subtemporal
approach (for unilateral DAVF) are that it is the shortest way to reach
the fistula, and that it allows a wider exposition of the tentorium, that
must be cut and opened posterior to the fistula, for the need of an
extensive coagulation. On the other hand, the subtemporal approach is
a very delicate one (particularly on the left side), and it requires an
absolute respect of the normal draining veins, especially the Labbè
vein. Furthermore, the retraction of the temporal lobe must be mini-
mized both in terms of quantity and of duration, to avoid postoperative
complications (only one case of temporal hematoma in this series,
without clinical consequences). For bilateral DAVF, the supracerebellar
infratentorial approach has been used.
(d) The identification of the vein draining the fistula may not be so
easy, particularly when operating among dilated veins in narrow
spaces. The suggestion to use a micro-Doppler sonograph to detect
the direction of flow is a useful one and must be kept in mind;
moreover, the indocyanine green angiography may also be very help-
ful, both to identify the fistula and to control the efficacy of the surgery.
In conclusion, even in this neuroradiological era, there is a residual
number of patients with peri-incisural DAVF who are not amenable of
endovascular obliteration and who require surgical treatment. The
subtemporal transtentorial approach has been demonstrated by the
authors to allow an effective, although delicate, access to the fistula.
Kazuhiro Hongo, Matsumoto, Japan
This is a paper describing the surgical treatment of tentorial dural
arteriovenous fistulae (dAVF) located at around the tentorial incisura.
The authors nicely documented the operative techniques as well as the
results of their cases. Congratulations on their good results: the dAVF
of this region is deep, and via either approach complete obliteration
needs high surgical skills, the dilated draining veins might interfere the
surgical approach. As the authors described, lumbar drainage is needed
to lessen the temporal retraction. Approaching from the posterior side
rather than from the anterior side might be closer and easier to reach the
tentorial edge with less temporal retraction.
I. Erol Sandalcioglu, Essen, Germany
Dural arteriovenous fistulas (DAVF) of the tentorium and its medial
edge leading to early cortical venous drainage are at an increased risk
for bleeding and thereby, bleeding related morbidity. Treatment options
must be balanced in an interdisciplinary concept regarding the efficacy
and risks of endovascular and microsurgical methods. The goal must
be complete elimination of the fistulous complex at the venous site,
which requires exact analysis and identification of the DAVF point.
The authors present their experience of a series of surgically
treated DAVF of the tentorial incisura using mainly the subtem-
poral approach. This approach provides an excellent exposure of
the temporo-mesial structures and the lateral surface of the brain-
stem including important arterial and venous vessels. They point
out important variants of this approach in order to achieve opti-
mal exposure of the fistulous point.
In my opinion, in most cases, such lesions can be approached by
standard craniotomies as the subtemporal, retromastoidal retrosigmoi-
dal, or suboccipital supracerebellar approach with incision of the
tentorium, if necessary. In the past, time-consuming combined supra-
and infratentorial transpetrosal craniotomies were used to access ten-
torial DAVF; however, these complex approaches were abandoned
towards standard procedures, not least based on a better understanding
of the pathomorphological pattern.
Similarly to the observations by Hatano and colleagues, the efficacy
of endovascular procedures is less compared to microsurgery, thus,
their report provide an important contribution to improve the results in
the treatment of tentorial DAVF.
Miguel Arraez, Malaga, Spain
This article from Taketo Hatano and cols. deserves special interest.
They review the surgical treatment of nine arteriovenous dural tentorial
malformations, specifically near the tentorial incisura. All the de-
scribed cases are type III according to the Borden classification. Due
to the anatomical configuration of the lesions in that particular area
there is clear indication for treatment due to high risk of bleeding. As
the initial endovascular approach had failed in all patients, surgery was
undertaken. No morbidity or mortality was observed after surgical
treatment. The key point of the article is the surgical treatment of this
kind of lesions through subtemporal approach, done in all cases but
one in which the obliteration of the fistula was carried out through a
supracerebellar infratentorial approach. It is noteworthy that this sim-
ple and easy temporal craniotomy and subtemporal route can solve
almost all the tentorial dural arteriovenous malformations. The surgical
approach and details of the technique has also been nicely described
step by step giving more value to this article. The good results of the
surgical treatment in this series of patients would contribute to encour-
age neurosurgeons to avoid leaving surgically untreated this condition
when the less invasive endovascular treatment is not feasible.
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